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Type desirnation atfeioed has een asslimed to the SOARD eculirrent.
Flatform stability requirerents have Dren « spubed aid e dsidised
in 7T P10 wiieh o attached. The conclueion Aiffors slightly frm theso

vpevisusly veporied, Design requiverents are urgizvged hMEvere

efacts of clatfem inotability has been initiated, Freliminary results
tntiente that the accelorameter can be incated in the sere recion as tho equip=
ment, Yotier than at the antemna as »reviously lLelieved, |

“he inltinl antenna deaiss ta this reporting period nad an interral
refivs an cart of the antenna structure., There 1s reasen o beliove that such
n “fiush® antenna cwld not be suitavly sealsd %o the siin of the siverafts for
the byre of conditions Ineluded in the desirn require orbi, feuordingly, &
separate (1/6% fiverplase) radonc is under considerations fhe structurel
rad Vieations are cein investirated,

"sat rhilosophy ‘s been piven some theughie The replianical reauiiroe
mardis of the railroad and ratlroad rame are under sbusye LU g i Wal a
careful svaluation of the Sradeeo!T of corplexity shauld bo pades Tt oems
that essortially the anme accomplishments coulsd be ac neved using sinulated
tarpets in a much more versatlic anneTe

et Pleations to the sooton carmolers as yoyuhieo & Clicht test
in & wehiale auch as the TIOL nave ueen oonsidoved ared some indtlal comlusions
are ircluded in Addendum f1 (Scaliny APu=93 Paramoters), [ ffect of suoh Titrht
togh upon the veeorder are et to Le lnvestirated,
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The preer cistribution diapran has been crpleted, including syeles
eorrral Dunetions,

STCHRONIZED

Troquency Cenerabor |

4 desipn sg;ﬁciﬁcatim has woon siven to dra™ing, lsnoral E&maﬁ
wokk is being dons, This upit will Le Jdivided indo threo chasslsg a Dixed
frevuency smltiplier, a variable oscillotoresultiplier and an Feil spplifier,

4 breadboard of the variasble oscillator rultiplier chassis similar
to the ﬁMﬁ package is O0F constructed and ehecked sut,

Components are Lelnr mounted on he sere kind of ireadboard Tor the
Pixed frec.onc) multiplier. loth of these units are beins built in an effort
to make the chasslis more capact, without the saerifice of servicealility.

e of the fraqueney nixers and the muldtiviurstors have eoen checked out, “ork
ig also belny done on the Dole aspiifier ard the sther ridxer,

The statusz of CHPO2 ouclillator-diserieinator unit which is swplied
oy tmlova ateh Company 18 as Followsr  The wrsadbonrd unli dedlvery date is
Swlefl zmd the two prototypes are io be ere nn Selefle e sultabiiity of the
desimn carmnt be established until theee wits are in bhard,

A design speeification hes been siven Lo rafting. rewires fov hds
asseubly are sbout 608 coeglete,

A model of the printed board asserbly to be used in the finsl units lies
been comploted and eheeked out. 1L is new being checked over the required
sy arsture range, The clrewdt serating is narval at dgh terrerature, but there
are still problems at temperatures belmw O doge Ce |

The CHPOL nacillator units on order are virtusily Pimished excopl that
the suppller ls walding Por e crystalis, The pronise dals P the readborard and
o prototyies 18 LePhiefl, ?Sﬁrai folt, “E«‘LA be g eritieal i
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The Jitter tester avallacle Lo seasure pulse jibter wouls mwb sceept
the pulee widths ~f s deslen, However .U ban uoux enlosibeiod el vt
jitter thers 1o is below aeceptntle Tewmin,

HTALA ANSEELY

A ?‘%.t‘“d. anplifier with a differential inpat sﬁg.ga a8 been bullt and
chicked oate Tifts for a duratisn of sovoral sesonds are asroxinotely one
pillivolt with respeet to the irpub. Six pil:ivolts drift will produee 100 ops
devlation when loop is elosed, Furthermors the “eniation is woll velow limlts
when the pawer supply voltage deviations are around 18, A freguensy deviation
i modulating freguency has not been taken with this arplifier in the stalo 1ovpe

& deslrn spesification indleating sadd Cleations o b sade on the
presont oremre Merowave Detillator has veen turned into irafting. Inforration
concernis- ke additional F.F, conponente; nanely directionsl ecouplir, attemstor,
ervetal rodulator, recoiver mizer, buffer arplifier and intercon@cting waves: zulde
has been tnoluded in the Desnec, layout work has vopun, Ovawings listing the
Tong lead ltems have been rade and will woon ve releamnd Lo Whe Duned Jhope

e STALD unite will be previded by the ohop Ty an oxisting
production ran bepindag in “ay. These will b =odifiad por auoWe.

HAVIOATION T1imIl

A brosdooard consistisg of a pervo avyplifier, peared molor arel 1510
synehro resslvers has been bullb and chesked outa ‘lenrsg poar.bis, olc have
been ordered and will be inaorporated between the resoiver arsl ohe pregision
p@;mzzt.:‘{mm whioh is due the Cirst pars of ?s;g_arilf

togotiations have been made with Sowner Irstrusent Sorporation o
manufackure a pesr bex Tor the round speed step Sorvo notar ard Lhen asso Lie
the motor snd s precision potentioretor ta the rear ji%e:: M

t desirn mifi.catim "’?a.ﬂ "w@g? spittos axd tuwned in to dralftlng.

Loyout work has begune h;@ {;‘,E ““
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REGCEIVER

The first TWT was recaived end mder test wao fomdd to ve defective.
Tt uss returpod, Snother was preniood 3/17/61 and is to Le an englueering pexiele

Canstruction of the IF sasplifier has vegun and is aoout S04 eomplete,

. jectiical test will begin week of 3/27/01.

i recuctlisn in arplitede of wideo signgls resulbed In & roview of the
video arplifier desipn. al’adﬁiﬁtﬁlﬁ were congidercd but bevausn of tine, eXHANSS
are! paintenaree difficuities ascuciated with thae type of eirvewits involved it waB
doolded to continue &n use vasuum Lubte

The pedesipn of ihe video arpldfier and autmeatic paln stabilization
eireuit is sbout 9590 coplete. Magharceal layvoul is aboub s eomplete ard
drasrings for fabrieation of the chassis are currently Ledy orawt.

‘ol i ohill continuln onn the Gesign of B sullauwie SynChronousl e iy
2t 120 mes. w0 tyres of balaneed wixers Save Lemr desiired with ooth showing
ﬁf@iy parpinal oporation. 't U present tire the balanced wizey ug oo eeverdc
triodes shows tho poot promise md & sullable design 18 about 604 copleta,.

POREE SUPPLY A D © 4 il

1 peview of the quotatlions received For the design and construction
of vepilated power syplies resclted in the decigion to have the corponents
settion desien and vemfacture toe powor supsly subassenblies por Felf06,
evision C. “he asbient terpersture survounding these subasseniiies will be

a rontmse of O°C and a sexisum of LO°C.

Qfg;%f hae Corug leted §i gp»-a‘_ mut, of 1w mewininboyr ‘YR is !’}?Wmé«ﬂff
ith the cetall Crawings. Felease Lo shop 18 expecied two weexs ahead of sehoduis.
regbe of the bresdboard rodulator have veen made as far as nosvible

sith the parts aveilable. &E . x,,ﬂ,; 4
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| namat is prorressinge sabisfuet-rily vidth the PIY and pulse trence
forvers The Jesirn fs complete and the firat model is now being constructed,
it i suracted that this nodel will Lo ready for checkout in the Lreadbosrd
moduletor frril 1,

Faytheon bas & prowise of “ay for a low capncity fllarent transforser.

In the mogn tire a Isb type will be uend Tor teste, FPinal proof of design however
wili bave tn ot this Sdem, ’
Ao Sl HANT LY FIVIIRIR

The desien amd breadboarding of a pulse detection elreuit for final
svalen use wmz befin,

The Tallewinge data was tebon with rressurised switchos:

Pregsgure Fise Time
30 psig 3.5 naec
LE peis heo gy 6 nose

sirtron, when coniacted in reference &o rirng for Testinslouse, s;mtt%d
they were having problems gerersting pure {lossless) TEG}, cireular sode from
rectanguiar to elreular input coupler. Inferrmation was gleo recvived that the
delivery of the 5T ring has been delayed by 30 days. vestinghouse will not
be guated unkil Apeil 1.

Pequests for qmﬁe& for the cuyp swilches were sent to five supnliers,
Four 46 no quote, Mcormwave isscclates iz stlll looking at the problem, but
1L soes doubtfel that a quote will be received,

CELICH TUBES

Fipee the last pericd additional ieots were made vith the tubo oone
badrdng a Lrisper elm%rﬁﬁ@' The swepline stope sas vsed i bhese fests to
obtaln & nore accurate seasurement of the breskdoun times that wero belne
nboerveds Tt was uovied that for Wigh rressures (e, pressuves ryvaler than

that required to prevent .V, iwealliom nt 200 EY remitine in ey bndd off

@ﬂﬂwfﬁ
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powers) the rise tiﬁw or switehing time was rmeh Taster, A suitening fire
of about § nancocconds was reasoved onge teforo the tube developad 8 1eak,
The resalts of theos tests indicated ithat it was possible to hold
of f 1,7, breakdmm at 250 Kd and to initiate rapid breagkdown with the &ylie
ention of an external voltage pulse, ilowever, 1t was alsc shrwm that & e
degign nf the tube was needed jarticuleriy with respect to oifaining a Lakge
able tube and one with variavle electr~ins, laving outatmed prelirinary
inforeation on this type of tobe and because of tho redesign aecessary, Lt
‘hng been eﬂmsﬁw te temporarily Torego work on this tubs in order to evaiuate

the ragnetic switehing teehnique that was proposed. Uomnponents and tubes have

been it fov this and sre currently veiny set up Jar Wioh power tealé. e
caleulations ware made in an atterpl to rredliet breakdmm tipe of the sagnetie

device, The tire csleulated was in the order of X ranosecorrig, looguse of
the operoximntions made in tho computation, this figure is worth chacking
expericentally to detersine whethey &n order of pggnitude mmm@a can e
obbe e,

t slimple, thin walled tube containirg a zlass capsule has veon
assedled aud 1ow level tested for use in investigation of WXeuOLl recuirsents.
This, 00, Will be a low pressure device with a plasra that is broken down by
an molied racvetic Tield, 4t will beo necessary o time share existing: equipwntk
in onder to test tuves on both propTans.

AL RIS
ectrical .

103 Yenifald = Wark is continuins on the varisus ‘ransition and siter
sorner sections, uch diffieulty has bern experienced in sove of these pleces
hecanse of the extrers wgvesuide aspeot veitios and rachinkoy and Fabrigsiion

i PMeulties, Tertstive dimenslions have Tees coamplled for both sed folds and

SEGRET
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0L hrvay - 4 secomst array “atoek™ (110 iong) was wade with eorrected
zlot spaeing wd corduedance In an gﬁmgzi to eliminate the "imare lobe® which
wag obiained with the first stick deaign (190 lons)e dadiation patierns Jo Liie
abiak hﬁW hean reasured and found to oot elasely to the theoretical pattoris
in the shaped rerion, In addition, the iwaje lobe is now =10 &b, which is
defindtely engrraring shen coepared to the results of the 197 demirne Toxk
18 eontimdar to reduce the imeye lobe amplibude and to correct for mutual
coupling effecte of weriap lug slots,

106 = “ademe = Dielectric wessuresents on Verious seples were cumpleted
ard dieleatric s transmission data corviled in chart form,

107 = Load = Evalustion of both full and halfeheight load samples has
verifiod the load material and design, lowevar, as this ftem is reloased,
mounting reguirements must be spevified and the manufacturer nay have to vake
amall correctisng in the load degipne.

112 « Specificstion = The i=Spec has beon urought up to date and retyped
Lo amrect e Tormab.

202 Structure Analysis « The honeveomb bean outline wee cemvared fo a
glotel of e anbenna eavity as suppiied by o Section and minor changes to e
eonfipuration were made to eliminate inlerforence. The end use drawing of the
hopmyveorh will be started during the wesik of March 15, Helsase to the Hodal
shop will ve made as soon as the draving is conpleted, _

203 - Hanifold Desiyn « One of the two emd use dravings vas partially
carpleted in Praftine. The secmd drawing, which 18 a mlrror image of the 7irsty
will be started upon eompletinn of the ivsi, Teehbnieraflt hes withdrawn iie
quote on Loe basis of the fact that the Flre who would normaily do ite slectro

Porming, hug previsusly been auoac e amd fs&ﬁﬁz’}{?i” a gquote directly to

o
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The pressure porl, pressure windmis ardd conrscting tubdng have teen
slimirated from the manifold desipgn after it was sstavlished that a presuure
drop in the antenna would not sause sagreiron burn out,

20l = Array Desipn « The array mechanienl cosign is cosplete with Lho
exception of the exact location of the slsts, The end uee @rawirg will be
atarted when the information is availsbie, Tensile test specinmens oF elooiyom
farmed riokel have been ~wrdered and w11 Yo wublectsd tn heat agine ard Bich
terperature tonsil teats at the fesearch Lok, The ebjective of ithis test is
to deterrine the provable tensile strenrth and vield strength of the clectroe

formed ricke) al 550 degrees ¥,

The e
end usge dravings vill be started by Drafting durin: the week of Jelimdle

anical design of the power dividers has been completed and

205 = Tolerance tudy - Dedieed overating pressure reguirssenis have
required another series of computer runs to defermine the oubimus honevconb bean
struciures The results of this atud- are that a honeyounb Leam of 1.?«72;“%:2#5:&65%:,
having faces JLO® thick ean be used without causing the sidelobes Lo ereeod
apocification limits,

The weight o the antenna is eutimatnd %o be about 125 Iba,

206 = Radome Tesizn = A slotted nlekel waveruide has had a laminate
sealine strip bonded 1o it and has been Lested for air leskase at 450 dervess ¥,
The leskage rate has been 1=1/2 to 2 psir per baur wiich 18 well below the
provated allewable lrakaze rate, Toris ore now beine directed toward
irproving the bending techniques, ovblndslne the cure tise and maintainine
reliablility,

207 « Lowd and Coals = 0" Rines vade from a high terperature compound
have Leen ordered and will be testod when received,

The losd design and mounting confiuratisn has Leen corpleted and g
vurchase pert drawing will be reguested "wring the wesk of Ie1f«Al,

IR T
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211 - "rafting « The antenna layout hes been mede and revised to

mﬁ% & cﬁmﬁ% M‘i et vy +oefem glasra, Jetalil *’f’»w}&% oo oy wlf&_:ﬂ Whial ey

startnd,

| (&DE@ D}ET
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The quantitios of importamee in the Ale9] asystem are:

as Ywtal range change in view, . K

be Time of view {,v
se Veloeity of 4/C . ¥
da  Desmpwidih T

8y Yaximum doppler Irequency, fim

fo Tilm velncliy v
feo HoOFS ¥

tw}

he length of beam intercepi,
3. length of fim record,

These cuantities are related by the Following reiationghine:

B ,
LB mF (s % 1)~ B2 (1)
L -
Le2 tand - KB (2
finw 2V ainnfe VB * (3
/‘& faYd )@
M @
-y ix,n,

Ausume that it is desired to seale V by a factor of Qelf snd &
by & factor of 0.5 In mrder to pet identical pattern on the film, it is

negessayy Yo hold .é and & R constant.

SEGRET
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Hsing primes to ropyrecsent tie scaled saantitien,

LI AR

82 @ & (Y2, @ 10 ¥« 0, G
ot - J2n {6a)
rentleogs /2 el (7
/2
t‘vx il u L = 1.9 % e
? e [ e e % = }
¥ /7 gy
'Vﬁv”vl%lt”?loluﬁ% : {2

v = 0.6h ve f%}

el vl 5V ;:):/; SICRCE S

Tharefwe, as campected, there is ne difffoulty in recaniiy, The filn runs

at 0ol mend, and tho maxiram dop ler is O.f6h norval,

Hote, hmsever, that this capensatioc can be nad at only one ranpe, sinoe the
true ¥ vs the K displayed by the proeessor would be Jifferest (no interiseing).

Uy & subetitutlon of condeal lenses, 8 »ter ol oo sbtad sed,

SEGRET
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' 'l‘he avera.ge pattern is determined for a linear
antenna with a random phase disturbance. This result is employed
to establish platform and STALO stability requirements limiting
side lobe magnitudes and main beam deterioriation to selected
levels, Curves of allowable platform motion and STALO frequency
modula.tion are given for several cases.

HABSTRACT SHOULD BE UNCLASS:IFIED IF AT ALL POSSIBLE
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h.f——————w~~¥-~-~v~--v~?ﬂInsta‘bility of the piatfomi or the STALO represents one of the most

o

Introduction | | SR

T

' The average pattern is determinéd for a linear antenna with a
mhdom phase disturbance. This result is employed to establish platform and
STALO stability requirements limiting side lobe magnitudes and main beam

deterioriation to selected levels. Curves of allowable platform motion and

T Abstract T ;w’_?a_%

SI'A_I;.O frequency modulation are given for several cases.

* - SPABILITY REQUIREMENTS FOR A SIDE-LOOKING DOPPLER RADAR

?

i H

ae;:iaixs degrading factors in a side-looking, doppler radar. This memcrandum
will develop tentative specifications for stability requirements in this type

' of; gystem.

kR ( o The basic problem is that of determining the pattern of a wrinkled

or bent linear antemna. Or, it may be thought of as determining the effect
' a wrinkled wave front. In the case of a side-looking doppler radar, the

platform motion or the STALO phase shift is developed as a function of time.

However, since the antenna itself is developed as a function of time, the

- .;';rpbleni is identical to that of a static antenna with a phase disturbance along

1

1t8 ' length . N

a i

Establishment of these specifications is not completely straightfor-

ward. There are two problem areas. First, the basic criteria from which the

)

-Westinghouse @—- -

[T
|+ s

i v

~“pgpecifications are established are essentially arbitrary, and there are several = "
. views as to Just what phenomena are most important and how they should be

beam distortion can only be exhibited in closed form in a few special cases.

" o Phé.se disturbances along a linear antenne will produce two types of

beanm distortion: (1) degradation of the main lobe, and (2) introduction of

'side lobes.  Degradation of the main lobe is produced by phasz disturbances

vhich are relatively slow;:that is, by disturbances which do not complete a
cycle along the antenna length. Fast disturbances which complete many cycles

_along the antenna length yield side lcbes as their primary product.

[ In this snalysis, assumptions will be made sbout the nature of the
phase disturbance vhich simplify the mathematical problems as much as possible.
The primary such assumption is that the phase disturbance is a Gaussian random
process. This assumption is quite reasonable and should not be subject to
question or criticism. When the phase disturbance is a random process, the

" resulting beam pattern will itself be a random process. Actually, the beam

pattern perturbations are described by two independent random processes
corresponding to real and imaginary components. The properties of these two

' components could be developed in detail. The approach taken in this analysis

is simply to calculate the average value of the perturbed power pattern of the

i - antenna. This approach leads to a relatively straightforward mathematical

dgvel_qpment which :ls;presented in the Mathema.biga.l Appe_ndix j:cgth}s repory:”-

p——

‘defined. Second, the purely mathematical manipulations ‘involved are sufficiently ;
. eomplicated so that the relation between the phase disturbance and the resulting

AR ARM DIVISION ; ‘ : sEcim
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type, it is assumed that the phase disturbance process is a oW wave number i

e resulting average a.ntenns, power pattern will possess & loss of main bea.m
gain and an average side lobe level, the magnitudes of which depend upon the

| properties of the phase disturbance. The approach taken is to require the

: av:erage._ power pattern to conrom to certain arbitrarily assumed standards.

=

P With respect to the main beam degradation, this approach contains a
hidden assump tion which should be noted. When the phase disturbance has an
average Blope across the aperture, the main beam will be deflected. Actual
beam broadening and loss of gain is more directly related to an average phase
curvature across the aperture. It can be validly argued that random beam
deflection, which produces distortion in the final mep, should be ignored in

into account. This approach was taken in a preliminary study of the problem..

‘ l - determining the main beam gain loss and only the average phase curvature taken

--¢In the present enalysis, however, random beam deflections are automatically
L ; ‘Interpreted as a widening of the main beam when the average power pattern is

“computed. In this sense, the allowable phase disturbance y as 1t relates to
main beam degradation, may be overspecified in this report. The motivation
for this approach is that 1t allows a single and compact mathematical develop-
ment applicable to both main beam and side lobe aspects of the problem. - The
specific criterion adopted for allowable main beam degradation is that the

average loss in gain at the beam center be less than 3 db. This corresponds to
e.n average beam widening of about ho% » including the effects of random beam
deﬂections s of course.
o

J The side lobe criterion adopted is that the maximum value of the

| ‘average side lobe level be less than -20db down from the unperturbed main beam.
This criterion is essentially arbitrary, adopted on the basis of engineering
Judgment and experience. An alternative criterion which has a certain amount

i~of merit is to require the integrated side lobe power to be maintained less
than a specified value. One problem which arises in specifying side lobe
,le'vels is the question of distinguishing between side lcbes and the main beam
'vhen the wave length of the phase disturbance is about equal to the antenns
length In this case, the vestigual side lobes appear as steps or bumps on
the side of the main lobe and the -20 db criterion can be relaxed somewhat.
In the Mathematical Appendix, examples of typical average power patterns are
illustrated in this critical region. ,

i , In order to obtain speciﬁc results several additional assumptions
have been introduced. One of these relates to the shape of the unperturbed
beam pattern. It is assumed to have a Gaussian shape. This » of course, also
:melies a Gaussian amplitude weighting function. This particular characteristic
- can often be realized quite closely in a doppler, side-looking system, a.nd its
adoption materia.lly simplifies the necessary calculations.

Also, specific forms mst be assumed for the spa.tial spectrum of the
phase disturbance. Two types of disturbances will be considered. In the first
type, it 1s assumed that the disturbance is nearly periodic, and the spatial -
spectrum is a delta-function at the wave number where the phase disturbance
povwer 1is concentrated. The requirement derived in this case relates to the
magnitude of single frequency vibrations which can be allowei. In the second

: one with a spatial power spectrum described by a Gaussian i‘un'tion. The
! necessity of assu.ming specific forms :E'or ‘the phase pover specirum limits the

. :

1
9
!
i
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. —applicability of the results to scme degree. In particular, tb:s necessity of =
f gssuming a finlte phase disturbance power could be relaxed. It appears that
it is really only necessary to restrict the slope of the phase disturbance to
& finite power. In such a case, the phase power spectrum would be indefinitely
.1arge at low wave nurbers. It is intended to provide this ex:ension of the :
present re_sults in an addendum to this memorandum. i

7‘ Cases ' | . ' s T T

' : % | _ Specific stability 'requirements will be deveioped for three sets of

:  typical system parameters which essentially represent two distinct cases..

= ] ‘Case I employs extreme parameter values representing a future system; case Ila

§ is an intermediate one representing requirements in the immediate future; while

T ¢ase ITb represents requirements of current systems. The paremeters for these .

i cases are listed below: v : : ’ i }
' . . b 1
Case I: _
'V = velocity = Mach 3.0 = 2920 ft/sec i
' = range = W n.mi. = 2.4 x107 ft {
= resolution = 6 ft . - : R S
n\ = wave length . = 0.1 ft ‘
Case iIa: g
. | V = velocity = Mach 2.0 = 1940 ft/sec |
- | | R = range = 20nmi. = 1.2 x 107 ft |
"j. i 2 = resolution = 12 ft ' _
™A= wave length = 0.1 ft " 4 =t .
case'IIb: _ : . co
\ = velocity = Mach 1.0 = 970 ft/sec
R = range = 20 n.mi. = 1.2 x 107 ft’
X = resolution = 2k ft ,
- A= wavelength = 0.1 ft
%» : ' The general curves in the Mathematical Appendix are expressed in “
- terms of an antenna beamwidth. The doppler filter bandwidth may be taken to
“%:  represent this beamwidth. A simple and straightforward relation will be
"7 supposed between this bandwidth and the other system parameters. A synthetic
i . antenna of length L = VT is supposed where T is the integration time. The
agimuth resolution is then simply the beamwidth times the range.

: | : : l =28 - -——-—-?\R' o (1) h
ﬁﬁ% Lo avT o
S '1.'he integration time will thus be

H
L = B |
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For the parameters adopted.
Case I:
T = 685 sec
Cases IIa and b:

T = .258 sec

The doppler bandwidth (representing the synthetic antenna beamwidth) will be
approximately 1/T or 1.46 cps and 3.88 cps, respectively, in the two cases.

Platform Stability Requirements

The data in figures 1A and 4 are now easily transformed into
specific requirements. Figure 1 shows the allowsble rms platform displacement
for the two types of disturbances considered in Case T. High frequency periodic
disturbances should be maintained less than about 1/50 of a wave length. With
the disturbance in a noise band, the rms value should be maintained less than
about 1/25 of a wave length in the worst case.

The same data are also plotted in figure 2 where the ordinate is
expressed in milligees. In interpreting these latter curves, it must be
remembered that it is the displacement spectrum of the noise disturbance which
bhas a Gaussian shape and not the acceleration spectrum. The decrease in allow-
@ble acceleration with frequency or noise bandwidth in figure 2 can be attributed
to the methed of analysis which includes the effect of random wandering of the
beam. A previous analysis which only includes the effect of Phase curvature on
beam broadening arrived at a constant allowable acceleration of 6.c mtlligees
for a sinusoidal disturbance in the low frequency region in this case. It is
suggested that this value be adopted as a lower limit.

Platform stability requirements for Case II are similar. They are
shown in figures 3 and 4. As in the first case, a lower limit is suggested in
the low frequency region on the basis of studies which considered anly the effect
Of phase curvature. This lower limit is 46.8 milligees.

STALO Stability Requirements

STALO instability manifests itself as a change in waveiront phase
during the signal propagation time. The propagation time is

7 =2R/c

g

Ko
Qe

The STALD output is represented by

STALO output = sin {zw§ 4 + @ (k) ) {h)

% = ecarrier frequency
@§§3= STALO phase modulation
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The phase error during the propagation time will be

phase error = @) - QUx-T) = T Q) (s)

For R = 40 n.mi., 1/1’ = XC, and the approximation indicated in equation (%)
will be valid out to frequencies on the order of 100 cps.

The quantity €§C*‘Ak“f may be interpreted as a frequency modulation
disturbance of the STALO. As before two requirements will. be established from
the basic results in figures 1A and 34, one cerresponding to a periodic fre-
quency modulation and the other corresponding to a frequency modulation power
spectrum of Gausslan form. Figures 5 and & show the requirements determined cn
these bases for the two cases being considered. It should be noted that when
the modulating frequency becomes sufficiently large (»1 KC) the approximation
in equation (5) is no longer vaiid, and the allowable frequency deviation
increases with the modulating frequency corresponding to a constant deviation
ratio.
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MATHEMATICAL APFENDIX

Allowgble Random Phase Fluctuations Along a Linear Antenna

An antenna pattern is defined in terms of an aperture welighting
function. .
A X
Pun = [ por et

(1a)
w = ﬂ’Q
PN
{2a)
Pe) = antenna voltage pattern
)= antenna weighting funntion
X = distance along the antenna
© = look angle
W = angular wave number
A = wave length
Since P(w) and {"(x) are Fourier transrorms,
5 ~LWwX
= 3 w)e w .
10(;) 7.11'5' (w) a (34)

Yormally, both f"\x) and P(w) will be real and even, and this is supposed the
case here.

A phase disburbance along the antenna will be denoted by @(X) .
This phase disturbance is derived from a displacement disturbance . d { ¥

Px) = ‘.\%‘:Acx) (ka)

The disturbance @r{*) is supposed a stationary Gaussian random process. The
autocorrelation and spatial power density spectrum derived from this process

are denoted by 6“;“/00&) and @ (), respectively.

d;"{_-, (Xi%,) = ‘5?(;“.—;‘?(";‘ (5A)
. Aw X
@ Cws) = G‘,;Sf’()‘)ﬁ ax
- i -wa
Foor = (@ o
{18}
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- The disturbed voltage pattern is represented by

. +i.<?(.x)

A = Sfm e B (8a)

Atw) 1s itself a random process. It will be sufficient to consider only the
average power pattern.

AR - AP 4 L Wixmn,)

VAcal® = “ feapeae dndn,
_ {94)
Tt wow e showwn ik
A e - i PUK,) - 62 - pUxm
c"{* b - e > .‘ P )) (108)
, ) -u'{,“u-pu.-x.)).-ri,w(t.-h)
At = rypLe) e
f &t. c}'ﬁ,._ (m)

This expression will be evaluated for two special cases. In the first, PLx)
is supposed very nearly periodic. In the second, Fixy is supposed a low
“--wave number process with a Gaussian spectrum.

When T,(K) is nearly periodic or concentrated at the wave number W,

'/O('X."'\‘ﬂ = oS Wo(x,~-Xx,) {12A)

s,%f‘cos Wy, Uk~ ¥ }

:&K""c LT )

e — k™ )
= Z T.e (134)

L it . s e .
e g ARWO0= %)=L A A= LV #2sg L3 2% ]

'A( P =\ PO Pdede & ot
VA SS (m')".g IKL t e dx, dx_(144)

- rt

% — ry p%
At = e ‘ZIKW})P(‘”*K‘“‘) (154)

A specific form will be assumed ‘or Piw) . It is supposed that %

is Gaussian. - .
w B

————

Py = o 28 ‘ (16a)
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B = .6 (beamvidth in angular wave numbers) (174)

For a periodic disturbance, then, the average antenna power pattern will be

. rz' o= - (w*“u\t
—_— - — e
. "lA"’“z = e Al Z IK(“'Z;) e (184a)

In the second case, /§(W) is assumed to have a Gaussian form.

\»"

L EEe e
Py = f e (194)

-
Lt
1- L q.

Ce PN =6 e (204)
@ = 1.2 (disturbance bandwidth in engular wave numbers) (214)

The integrand in equation (11A) will now include the following

factor a ‘5_.
- (%%
_c""u..f)(x‘—x-.“ - C"q;l'(t - ¢ :l- )
e ¥ = € (228)

This rather awkward function can be expanded in a number of ways. The
following approximation is convenlient and useful.

B R
. - (5___..._-(":!”\ _ Sg] T AN
..Q}(\- e ) ,..-;‘ e al-e~ %) (234)
e ze +u-ef)e

This approximation is accurate to a few percent for extrewme ranges of all the
parameters involved. Moreover, when substituted into equation (11A), this
expression is readily evaluated. The result of this cal:culation is

c.‘l.

2 - 3 ~G-e T)(w-u)
— -6 ey —F
* -e >t
Ml z e Pu *J%F_(T)' SPI(U-)C t P (244)
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With the Gaussian formassumed for Piw) in equation (15A), this beccmesﬁw
z
[1%3
W 5" = > ‘
—, %% =9 L3 (N i (258)
> - AR - LR
At 2 e,o? 31. .(_L.‘E-:-a‘ - < ‘( SN €r) ’
’ T —
BV*"U-< 1)

Equations (18A) and (25A) will now be employed to determine specifica-
tions for allowable phase deviations. In specifying allowable phase disturbances,
two phenomena must be taken into account; (a) deterioration of the main beam,
end (b) the magnitudes of random side lobes. Deteriorstion of the main beam
will be specified in terms of an average loss in gain at the beam center. The
criterion adopted is that an average loss of 3db can be allowed. This corresponds
approximately to a 40% widening of the beam. The criterion adopted for random
side lobes is that their average level be less than -20 db below the undistorted
main beam. These two criteria will lead to two independent specifications. In
genersal, main beam considerations are determining when the major portion of the
phase disturbance have spatial frequencies within the spatial antenna beamwidth,
and side lobe considerations are determining when the major portion of the phase
disburbance have spatial frequencies greater than the spatial antenna beamwidth.

R
The case of a periodic phase disturbance is considered first. If "'1,
1s supposed small, equation (18A) can be expanded to yield

Yy - twruny” — (oo™
\Ae)'= e *F e Y. L z (261)
wy| == +
2 =< < v T <<

With @,y ® , it is obvious that & 14:02. (radia.ns)a to provide side lobes
of less than -20 db. This gpecificalion is plotted in figure 1A. The abscissa
in this curve is the ratio of the spatial frequency of the disturbance y Wo
to half the spatial antenna beamwidth,®/i.2- , which is denoted by » .

2D - .2 W
= {z78)

The magnitude of the main beam center will be

r Pl <™ - 9_&1
Al = e I(GN+Ze TWwhle ~ ... (28a)

i This has been set equal to .5 and the resulting relation between ﬂ:ﬁ and »?
: calculated. This relation is also plotted in figure 1A. The two specifica-~

tions have been arbitrarily connected together by a dashed line to prcvide s

complete specification as a function of 3 . Points; on this comnecting line
will have side lobes which are somewhat larger than -20 db, but they will be

80 rudimentary that they appear to be more a part o’ the main beam than side

Icbes. A feeling for the shape of typical power pa.'erns can be obtained
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from figure 2A where three representative patterns corresponding to points
~ on the connecting specification are plotted.

A similar specification will be derived for the case of a low fre-
quency band of noise as the disturbance. The main beam specification is
determined by setting equation (254) equal to .5 with w =© . The specifi-
cation derived in this manner has been plotted in figure 3A. In this figure
the abscissa is taken to be (3 /B which is the ratio of the noise bandwidth
in wave numbers to half the beamwidth in wave numbers. As in the previous
case, the abscissa is denoted by »

The sidelcbe specification is obtained by approximating equation
(25A) for small a.>*. If, in addition, (}))5 , the sidelobe specification

is glven by f

i .
T = tes (294)

This relation is also plotted in figure 3A. The two specifications are
arbitrarily connectzd together as indicated by the dashed line.

Tn order to give a feeling for the shape of average power patterns,
particularly on the connecting specification, patterns for three representative
cases are shown in figure LA.
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